Herein, we report the formation of organized mesoporous silica materials prepared from a novel nonionic gemini surfactant, myristoyl-end capped Jeffamine, synthesized from a polyoxyalkyleneamine (ED900). The behavior of the modified Jeffamine in water was first investigated. A direct micellar phase (L 1 ) and a hexagonal (H 1 ) liquid crystal were found. The structure of the micelles was investigated from the SAXS and the analysis by Generalized Indirect Fourier Transformation (GIFT), which show that the particles are globular of coreshell type. The myristoyl chains, located at the ends of the amphiphile molecule are assembled to form the core of the micelles and, as a consequence, the molecules are folded over on themselves.
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Tailored Jeffamine Molecular Tools for Ordering Mesoporous Silica
A
Introduction
Since their discovery in the early nineties, ordered mesoporous materials have attracted much research attention due to a number of remarkable properties such as the adjustable pore size, the high surface area, pore volume and the ease of surface modification 1, 2 . These characteristics afford their use for several potential applications in many fields such as adsorbents, catalysts, host matrixes for electronic and photonic devices, drug delivery and sensors [3] [4] [5] [6] [7] [8] . The synthesis of these compounds combines the sol-gel chemistry and the use of assemblies of amphiphilic molecules, mainly surfactants, as framework templates. Depending on the surfactant concentration, two mechanisms can lead to the formation of the ordered material. The first one is the self-assembly mechanism (CTM): in this case the building blocks are the micelles, so the CTM occurs at low surfactant concentrations [9] [10] [11] [12] [13] . The second approach to the preparation of ordered mesostructures utilizes a liquid crystal phase and it is labeled as the direct liquid crystal templating (LCT) pathway [14] [15] [16] [17] [18] . The inorganic precursors grow around the liquid crystal. After the polymerization and the condensation, the template can be removed, leaving a mesoporous material, whose structure, pore size and symmetry are determined by the liquid crystal scaffold. In addition, the high surfactant concentration templating method often leads to monolithic materials rather than powders, which are associated with mesostructured silica prepared from a micellar solution. Numerous surfactantbased systems have been investigated as structure directing agents, in particular the nonionic ones 9, 19 . As a matter of fact, a large number of nonionic surfactants widely used in industries and featured with low cost, low toxicity and bio-degradation can be utilized as templates for the design of mesoporous materials. For example, using polyoxyethylene alkyl ethers [C m (EO) n ], a series of compounds labeled SBA 10, 20 (Santa Barbara), MSU 21, 22 (Michigan State University) have been prepared. Several groups have also demonstrated the ability of fluorinated surfactants to be used for the mesostructured silica preparation 18, [23] [24] [25] [26] [27] . For instance, we have synthesized mesoporous materials by using nonionic fluorinated surfactants
18, 23, 24 , which are the fluorinated analogues of the hydrogenated polyoxyethylene alkyl ethers [C m (EO) n ]. As regards the synthesis of mesoporous molecular sieves, the main advantage of fluorinated surfactants compared to the hydrogenated ones is their high thermal stability. Indeed, this property enables making the hydrothermal treatment at higher temperatures, leading to a better condensation of silica and resulting in a material with improved hydrothermal stability 28 . The examples reported above deal with low molecular weight surfactants and, except the block copolymers ones, the use of amphiphilic polymers of larger molecular weight is scarcer [29] [30] [31] [32] [33] [34] [35] . Among the block copolymer-templated materials, SBA-15 is the most widely studied one. SBA-15 has been discovered in 1998 by Stucky et al.
and it is prepared under strong acidic conditions by using micelles of Pluronic P123
[(EO) 20 . The materials are obtained through hydrogen-bonding pathways from sodium silicate or tetraethylorthosilicate as the silica source and amine-terminated Jeffamine as the structure-directing agent. Depending on the synthesis conditions, the pore size and the specific surface area varied respectively from 4.9 to 14.3 nm and from 108 to 1127 m²/g. MSU-J represent the largest pore sizes observed to date for a fully threedimensional mesoporous framework assembled from a single micellar porogen. However, no mesopore ordering is noted for MSU-J, the materials exhibit a wormhole-like framework.
Mesoporous silicas with onion-like morphology were also synthesized with the same family of amphiphile by Sayari et al. 38 Until now no hexagonal mesopore ordering has been obtained with the Jeffamine family. Our group has also tried to prepare mesoporous materials through 4 no templated materials could be recovered, we obtained only the precipitated silica. In this paper, we have modified ED900 to obtain gemini surfactants in order to decrease the high hydrophilicity of ED900. Then, we have investigated the ability of the modified Jeffamine to be used for the preparation of ordered mesoporous materials. As the properties of the molecular sieves depend on the phase behavior of the structure directing agent in the synthesis solvent, in a first part we have determined the phase diagram of the modified Jeffamine in water. Infrared (IR) spectra were recorded on a Perkin-Elmer FTIR ''spectrum one'' in ATR mode.
Materials and methods
Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker AM 400 instrument.
Chemical shifts are reported in ppm relative to TMS as internal standard.
Phase diagram determination:
The phase diagrams have been established by preparing samples over the whole range of surfactant/water compositions. The required amounts of the components were weighed in small glass tubes. The homogenization of the samples was achieved by mixing with a vortex stirrer, combined with heat and ultrasounds, whenever necessary. The samples were placed in a thermostatic bath and, depending on the system, they were allowed to stand from a few hours to several days at the temperature of interest in order to reach equilibrium. . The detector is placed at 309 mm from the sample holder. Scattering data, obtained with a slit collimation, contain instrumental smearing. Therefore, the beam profile has been determined and used for the desmearing of the scattering data. All data were corrected for the background scattering from the empty cells.
For the micellar solutions, the data were corrected from the water filled capillary scattering.
Samples for transmission electron microscopy (TEM) analysis were prepared by dispersing some material in ethanol. Afterwards a drop of this dispersion was placed on a holey carbon coated copper grid. A Philips CM20 microscope, operated at an accelerating voltage of 200 kV, was used to record the images. Scanning electron microscopy (SEM) was carried out with a HITACHI S-2500 at 15 keV. N 2 adsorption and desorption isotherms were determined on a
Micromeritics TRISTAR 3000 sorptometer at -196 °C. The pore diameter and the pore size 
Results and discussion
Firstly, the behavior of the ED900 in water was examined. The aqueous solutions of Jeffamine ED900 appeared transparent and isotropic from 0 to 100 wt %. Tensiometry measurements showed that ED900 decreased gradually the surface tension, achieving minimal Therefore, the structural modification of the molecule was performed in order to obtain the micelle formation in water and, consequently, enable the synthesis of mesoporous materials through the CTM mechanism.
Modification of the Jeffamine ED900
The synthesis of the gemini surfactant described in the present study is simple and rapid, and the starting materials, myristic acid and Jeffamine ED900, are cost-effective. The grafting of the myristic acid onto the polyetheramine ED900 was performed quantitatively under solventfree conditions using microwave (MW) irradiation. As the starting Jeffamine, the gemini surfactant is polydispersed with respect to both the ethylene oxide and the propylene oxide moieties. ESI-MS was used to verify molar mass information of the sample, provided by Hunstman (SI 1). The average values of x + z = 6 and y = 12.5 were calculated from the relative abundances of the individual molecular ions. From these values, the number-average molar mass of ED900 was calculated to be 972 and of ED900Myr to be 1392. The polydispersity index (mass-average molar mass divided by the number-average molar mass) was determined to be 1.03.
The myristoyl-end capped Jeffamine/water system
The phase diagram of the system ED900Myr/water was studied between 10 and 70 °C along all the surfactant concentration range and it is presented in Figure 1 ) the intensities increase with increasing concentration due to the interparticle effect 40 . Therefore, only the curve scattering obtained at 5 wt % was evaluated with the Generalized Indirect Fourier Transform (GIFT) analysis [41, 42] ( Figure 2b ). The corresponding pair-distance distribution function (PDDF) P(r)
is given in Figure 2c . The curve exhibits pronounced maximum and minimum on the left side, which is regarded as the typical feature of a core-shell type particle [41] [42] [43] , and which provides 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 quantitative information about the internal structure of the micelles. The inflection point between the maximum and the minimum gives the radius of the hydrophobic core. Moreover, the PDDF function which represents a histogram of the distances inside particle provides the maximum dimension of the particle as well as its shape. A symmetric maximum on the right side indicates the presence of spherical aggregates, whereas a long tail at high r values features for elongated cylindrical particle. Taking into account these considerations, one can conclude that ED900Myr micelles are slightly elongated, with a maximum size of 7 nm, which is in perfect agreement with the hydrodynamic particle diameter measured by DLS.
The radius of the hydrophobic core is about 2 nm and matched well with the one obtained from the deconvolution of the P(r) function into the radial electron density ∆ρ(r) (Figure 2d ).
More precisely, the radius of the core formed by the myristoyl chains is about 1 nm, which corresponds to the lowest value of ∆ρ(r), in agreement with the theoretical electronic density value estimated (ρ Alk ≈ 276 e/Å 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 From these values, one can see that, as observed in the case of micelles, in H 1 the two alkyl chains are assembled into the core of the cylinders and that the PO units form a corona around the core forcing the amphiphilic molecules to fold in half, over on themselves (Figure 2e ).
The value of the hydrophobic radius corresponds exactly to the one found for the micelles.
If the surfactant concentration is increased beyond 75 wt %, a gel phase (L β ) appears. Its structure is well described in literature and corresponds to a stacking of bilayers, whose alkyl chains are solid. In fact, in the low q-range of the diffraction patterns, up to five reflections are observed, with a relation between them of 1:2:3:4:5 ( Figure 3A) . One can note that the first reflection is less intense than the second one. This is probably due to the weak intensity of the form factor at the q value corresponding to the second reflection. Taking 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This phase melts at 25 ºC, leading directly to an inverse micellar phase (L 2 ).
.Silica mesoporous materials
Micellar solutions of ED900Myr were then used as template to prepare the silica materials through the self-assembly mechanism. Syntheses have been carried out under neutral conditions. The TMOS has been added at 20 °C. First, the hydrothermal treatment was performed during 24 hours at 100 °C. Indeed, it is reported that under these conditions, a hexagonal pore ordering can be obtained from the self-assembly mechanism by using different kinds of surfactants 13, 32, 48, 49 . We have investigated the effect of the variation of both the amphiphile concentration and the ED900Myr/TMOS molar ratio (R) on the mesopore ordering. As regards the samples synthesized with a 5 wt % of modified Jeffamine, the SAXS patterns of the materials prepared with a molar ratio higher than 0.2 exhibit only a single broad reflection (SI3Bb-e), which indicates the formation of a disordered structure. If a higher quantity of the inorganic precursor (R lower than 0.2) is introduced, no line is observed on the SAXS pattern (SI3Ba), indicating that the recovered compounds exhibit a complete randomly oriented pore structure. The N 2 adsorption-desorption isotherms and the pore size distributions for the materials are represented in Figure 4 . All materials exhibit a type IV isotherm, characteristic of mesoporous materials according to the IUPAC classification 50 . A H2 type hysteresis loop, in which the desorption branch is steep, but adsorption branch is more or less sloping, is observed. The H2 type hysteresis loop is often encountered for disordered materials with a wormhole structure. The pore size distributions are quite large and centered at 14 nm at R ≥ 0.2; they are narrower for the higher ratios. A similar behavior is noted for the silica prepared with 3 wt % (SI3A) or 10 wt % (SI3C) of ED900Myr. By contrast, when a 20 wt % of ED900Myr is employed to prepare the silica materials, the situation is quite different. Indeed, whatever the value of R, no reflection line is detected on the SAXS pattern (SI3D). Depending on the synthesis conditions, the specific surface area varies from 286 to 686 m²/g (SI 4).
The SAXS results show that the best patterns were obtained at lower ED900Myr 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 Figure 6A , the relative pressure for which capillary condensation takes place is shifted toward higher values when the temperature increases (from 0.4 at RT up to 0.8 at 100 ºC). Since the p/p 0 position of the inflection point is related to the pore diameter according to Kelvin's equation, it can be inferred that an enlargement of the mean pore diameter occurs. This is confirmed by the pore size distribution, whose maximum is shifted toward higher values when the hydrothermal temperature increased from room temperature to 100 °C (SI5 and Figure 6B ). At 50 °C, the pore size distribution is centered at 3.8 nm, whereas at 100 °C it is centered at 14.4 nm. This expansion of the pore size can be interpreted as the result of a variation of the aggregation number of micelles (L 1 phase). Indeed, it is well established that, for nonionic surfactants, an increase in temperature will involve an increase in the aggregation number 51, 52 . Thus, bigger micelles will be formed with increasing heating temperature and, consequently, materials with higher pore diameters will be recovered. The pore volume remains approximately constant around 1 cm 3 /g at all the temperatures considered, whereas the specific surface progressively decreases from 1300 to 400 m²/g when the temperature increases (SI6). From all the gathered results, it can be deduced that the optimal temperatures to prepare the mesoporous materials are from RT to below 70 °C. The lower the temperature, the better the mesopore ordering. We can assume that the disorganization of the mesopore network with the increase of the temperature is due to a too thin silica wall to preserve the organization after the surfactant removal by the formation of bridges between two adjacent pores as it has been shown for SBA-15 materials 32.
. This phenomenon has also been noted in our previous work dealing with the influence of the different synthesis parameters on the properties of mesostructured silica prepared from a nonionic fluorinated surfactant basedsystem 49 Moreover, according to Holmberg et al. 53 at lower temperature, as the condensation rate is slower, a well-ordered structure is favored. At high temperature, the loss of the hexagonal structure can be due to an accelerated condensation of silanol groups that form an 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 excess cross-linked framework. After observing that a well-ordered hexagonal mesoporous material was obtained when performing the hydrothermal treatment at a lower temperature, the molar ratio between the TMOS and ED900Myr (R) was varied for a hydrothermal treatment performed at 50 °C during 44 hours, in order to study the influence of this parameter on the mesopore ordering. In the range from 0.4 to 1, three reflection lines located at 5.1, 2.9 and 2.6 nm can be detected on the SAXS pattern (SI7Ab-d). The repetition distance corresponding to the (100) reflection is constant (5.1 nm) and thus, the cell parameter a 0 (5.9 nm) does not depend on the quantity of TMOS used for the synthesis. The SAXS patterns of the material prepared with a molar ratio of 0.1 exhibits only a single broad reflection (SI7Aa), which indicates the formation of a disordered structure. In that case, we can assume that only a part of the silica interacts with the surfactant to form the channel arrangement and that another part precipitates to form an amorphous silica phase. Thus, the ordered pore network is diluted in a non-structured silica phase and the SAXS patterns exhibit weaker and larger diffraction peaks. For instance, Ekloff et al.
54
attributed the poor hexagonal long range order of their particles obtained at surfactant/silica ratio higher than 0.66 to the polymerization of the silica source into solid amorphous silica due to the excess of surfactant. In the present study, similar arguments can be taken into account to explain the transition from a well ordered mesopore ordering to a randomly oriented pore structure when the value of R is diminished. The pore size varies between 3.5 and 3.9 nm, depending on the operating conditions (SI7Bb). However, no significant differences are observed in the pore size distributions when varying the surfactant to TMOS ratio (from 0.1 to 1). The major difference is encountered when working at the lowest R (0.1), since the pore size distribution is wider and the adsorption-desorption isotherm is different. In this case the isotherm profile increases gradually with increasing relative pressures (SI7Ba), although the mean pore size remains unchanged (SI7Bb). The others isotherms follow the same profile, type IV, with a capillary 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 condensation around p/p 0 = 0.5 (SI7Ba), from which the isotherm becomes flat. The specific surface area is higher than 800 m²/g (SI8).
Conclusion
Jeffamine surfactants were already used as structure-directing porogen, but to date, only wormhole structures were obtained. Herein, we reported the first example of organized mesoporous silica from myristic-end capped Jeffamine (ED900). For a complete characterization of the newly reported surfactant (ED900Myr), the binary phase diagram was determined. The characterization of the micelles and the liquid crystals phases by SAXS show that the molecules are folded in half in order to locate the two myristoyl chains inside the core. In the hexagonal liquid crystal phase, the value of the hydrophobic radius is the same than the hydrophobic core of the micelles. No variation of the cross sectional area with the number of water molecules per surfactant molecule is noted.
Micellar solutions of ED900Myr were used as template to prepare the mesoporous materials through the self-assembly mechanism. The influence of the synthesis conditions on the properties of the mesopore ordering has been investigated. Well ordered mesoporous materials are recovered when the ED900My concentration is low (< 10 wt %). SAXS analysis also evidences that the hexagonal pore ordering is favored when the hydrothermal treatment is performed at low temperature. In addition, an increase in the pore diameter is noted with the raise in the hydrothermal treatment temperature.
Supporting information available: ESI-MS spectra of ED900 and ED900Myr (SI1).
Structural parameters of the hexagonal phase (SI2). SAXS patterns of the materials (SI3) and textural properties (SI4) as a function of the wt % of ED900Myr and of the ED900Myr/TMOS molar ratio. Variation of the mesopore size distribution (SI5) and textural 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 properties (SI6) as a function of the hydrothermal treatment conditions. SAXS pattern, nitrogen adsorption-desorption isotherms, pore size distribution (SI7) and textural properties (S8) of the mesoporous materials synthesized with 5 wt % ED900Myr during 44 hours at 50
°C as a function of the ED900Myr/TMOS molar ratio (SI8).
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